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No matter how powerful, well designed, closely aligned
with national standards, or how well written a math-
ematics curriculum may be, a curriculum guide is but
one component of a mathematics program. In fact, to
implement effective, high-performance mathematics
programs, the curriculum must be embedded within a
set of programmatic components that offer a coordinated
design for fostering student achievement. This chapter
addresses these critical components — the “program de-
livery standards” — that support the implementation of
a curriculum that reflects what has been outlined in
Chapter 2.

The following 15 distinct, yet obviously inter-
related, program components that constitute a high- per-
formance K-12 mathematics program have been identi-

fied:

curriculum

instructional materials

instructional technology

instructional time

instructional connections

assessment of students

professional interaction

professional development

professional supervision and evaluation
monitoring programs

tracking and leveling

remedial assistance and student support
articulation and alignment

resource personnel and leadership
administrative understanding and support

Each of these components is presented with a statement
defining the standard and a brief elaboration that de-
scribes the key elements of a program that meets the
standard.m

Curriculum

A high-quality mathematics program is defined, guided
and supported by a comprehensive, developmentally
appropriate, well-written curriculum that is consistent
with the vision of the National Council of Teachers of
Mathematics (NCTM) standards and incorporates the
Connecticut Mastery Test (CMT) mathematics objec-
tives and the Connecticut Academic Performance Test
(CAPT) mathematics framework.

Too often, a district’s curriculum guide gathers
dust in a bottom drawer. Too often, summer curricu-
lum committee work merely codifies the table of con-
tents of the adopted textbook. And too often, teachers
are given a series of conflicting messages to “follow the
text,” “follow the curriculum guide,” and “get students

ready for the test.” These problems can be overcome
when a mathematics program is driven by a compre-
hensive, teacher-friendly curriculum guide that provides
clear direction, articulation between grades and courses,
and coherence among the program’s components.

A school or district’s mathematics curriculum
should delineate the overarching philosophy and goals
of the program, present the key objectives or outcomes
for each grade level or course, provide illustrative ex-
amples, tasks and/or activities, indicate how the out-
comes or objectives will be assessed, and list available
resources for implementing the curriculum. In addi-
tion, the K-12 curriculum should assure smooth transi-
tion from grade to grade and course to course. Inshort,
written curriculum guides should provide teachers (and
others) with clear answers to the questions: What ex-
actly are my students expected to learn this year? and,
What skills, concepts and understandings should I be
held accountable for teaching this year?

Suggestions for creating such a curriculum
guide are presented in Chapter 4.m

Instructional Materials

Ahigh-quality mathematics program provides each stu-
dent with, and makes effective use of, appropriate in-
structional print materials, as well as an adequate sup-
ply of nonprint materials to accomplish the goals of
the curriculum.

Mathematics used to be the easiest of all major
disciplines to support financially. Purchase one text-
book for each student and an accompanying teacher’s
guide for each teacher, place some blank paper, lined
paper and graph paper in each classroom, ensure that
each teacher has a chalkboard and an ample supply of
chalk, and maybe provide an overhead projector. While
these limited materials may have worked well to de-
liver a program limited to the mastery of arithmetic, they
are insufficient to support a high-quality mathematics
curriculum.

In addition to a core text or, increasingly, a set
of core modules, teachers need ready access to alterna-
tive textbooks, supplemental print materials, measur-
ing devices, geometric models, and a host of grade-level
or course-appropriate manipulative materials. In addi-
tion, teachers need access to an overhead projector to
help present materials visually and copying machines
to quickly and efficiently reproduce diverse instructional
materials and assessments that support the instructional
program.

Without access to such an array of nontext ma-
terials, a teacher’s ability to deliver the kind of active
instruction envisioned in this guide is severely
compromised.m
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Instructional Technology

A high-quality mathematics program ensures that each
student has access to necessary technological tools and
makes full use of calculators and computer software to
implement the goals of the curriculum.

In every sector of our society, technology has
changed how we do business, how we manufacture
things, how we stay informed, and how we live our lives.
Sadly, most schools lag far behind most other institutions
when it comes to making full use of technology. The time
has come for schools to enter the technological era and
shift the fundamental delivery system of education in
ways not seen since the invention of books and movable
type in the 15th century.

Technology, particularly calculators that now are
as commonplace as pencils, interactive probes that make
algebra come alive, spreadsheets and graphing utilities
that permeate the business world, and word processing
capability, must be available and incorporated into the
K-12 mathematics program. Just as it is inconceivable to
run a bank with the ledger cards of old, or a supermarket
with the manual cash registers of yesterday, it is impos-
sible to build a high-quality mathematics program with
use of just paper and pencil.

Every teacher of mathematics must recognize
that technology has made some mathematics entirely
obsolete (e.g., calculating cube roots), some mathematics
newly accessible to students (e.g., exponential functions),
and some mathematics possible for the first time (e.g.,
fractals). For this reason, an effective K-12 mathematics
program is built on the assumptions that:

o all students have access to appropriate calcu-
lators beginning no later than Grade 4;

¢ all teachers have overhead projector-compat-
ible calculators and LCD panels connected to
a classroom demonstration computer; and

* all schools have site-licensed tool and utility
software readily available for student and
teacher use to enhance student learning of
mathematics.m

Instructional Time

A high-quality mathematics program provides time al-
locations of at least 45 minutes per day at the primary
level, at least 60 minutes per day at the intermediate level,
and the equivalent of at least one 45-minute period per
day at the middle, junior high and senior high school lev-
els for formal mathematics instruction, supplemented
less formally through interdisciplinary activities and
homework.

Time allocations — formal allocations of minutes
per day, informal and interdisciplinary minutes per week,
and the overall quality of how time is used — are critical
variables in assuring a high-quality program. Students
whose formal mathematics period is 60 minutes per day
receive nearly 180 hours of instruction a year, fully 50
percent more time than students in 40-minute periods.
Moreover, students who complete 20 minutes of mean-
ingful homework four nights per week spend over 40
additional hours per school year engaged in mathemati-
cal tasks. Similarly, students in classes where the daily
routine involves significant class time going over home-
work and starting on new homework receive far less pro-
ductive instructional time than those in classes where stu-
dents are actively involved exploring, investigating and
solving problems.

The 45 and 60 minute-per-day recommendations
represent minimum guidelines and are intended to en-
sure that schools schedule enough time for teachers and
students to reasonably be able to meet the goals of the
curriculum. It should be understood that the mathemat-
ics program needs to be richly supported by mathemat-
ics that is embedded in the science, social studies and
vocational education curriculums. Itis also expected that
these allocations are supplemented through interdisci-
plinary and integrated tasks and units and by the ongo-
ing, everyday use of mathematics to solve school and
classroom problems. In addition, nothing in this stan-
dard should preclude the scheduling of longer blocks of
time to allow students to become more deeply involved
in activities and projects.

At the high school level, consideration may be
given to alternative scheduling that provides for longer
class periods, fewer classes per day for both students and
teachers, and fewer students per teacher per semester.m

Instructional Connections

A high-quality mathematics program regularly makes
connections both within mathematics and between math-
ematics and other subject areas so that students make
and see the connections among the major mathematics
curriculum strands and between mathematics and other
disciplines.

For too long and for too many students, learning
mathematics has meant moving from topic to topic and
from chapter to chapter, with little regard to the connec-
tions between and among these topics or chapters, and
even less attention to the connections between the topics
and their applications in the world and in other disci-
plines. This lack of connection results in students being
forced to learn and memorize far too many bits of infor-
mation without the benefit of generalizing principles or
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real-world contexts that make learning easier, more en-
joyable and more significant. A more inquiry-based ap-
proach tends to naturally support these instructional con-
nections, and a more interdisciplinary approach tends to
support enhanced exploration and inquiry.

One of the hallmarks of the NCTM standards is
the emphasis on mathematical connections as one of the
foci of all mathematics instruction. Rather than continue
to view the mathematics curriculum as being composed
of several discrete strands — computation, measurement,
geometry, algebra — that often are taught in isolation, a
high-quality program regularly fosters connections be-
tween and among these strands as well as links math-
ematics to everyday experiences and other disciplines.m

Assessment Of Students

A high-quality mathematics program has a coherent sys-
tem of assessment that is closely aligned with the cur-
ricular and instructional goals of the program, and that
promotes the ongoing improvement of instruction.

In corporate America it is said that “what is in-
spected is respected.” Similarly, in schools, what is as-
sessed and how it is assessed communicate most clearly
what is valued. If the vision of a curriculum oriented to
thinking, reasoning and problem solving is to become a
reality, our system of assessment and how we hold stu-
dents accountable must shift. The traditional right/
wrong forms of assessment may have been appropriate
for assessing the success of a rule-driven, fact-oriented
curriculum, but it is increasingly clear that such forms of
testing are insufficient to support the curricular and in-
structional changes that are needed.

Accordingly, a high-quality mathematics pro-
gram must incorporate more powerful assessments of
demonstrated accomplishment, using observations, per-
formances, projects and/or portfolios. In fact, our entire
system of accountability must shift from the relative stan-
dards of national percentiles and designations of percent-
ages above and below remedial standards to more holis-
ticjudgments of student work, based on clear criteria for
expected performance that hold students accountable for
meeting high standards. The need to make these newer
and more sophisticated judgments is one of the reasons
for significant increases in various types of performance
assessment like those found throughout Chapter 2 of this
guide and on the mathematics subtest of the Grade 10
CAPT.

When one defines assessment as a process of gath-
ering evidence about a student’s knowledge of, ability to
use and disposition toward mathematics, and of making
inferences from that evidence for a variety of purposes,
one begins to see assessment as the third interdependent

component of a triangle: curriculum (what to teach), in-
struction (how to teach) and assessment (how well has
learning occurred).m

Professional Interaction

A high-quality mathematics program ensures that teach-
ers have ample time and diverse mechanisms to interact
professionally on substantive matters of curriculum,
pedagogy and assessment.

The professional isolation of teachers is fre-
quently cited as the most serious impediment to im-
proved curriculum, instruction and assessment. Most
teachers practice their craft behind closed doors, mini-
mally aware of what their colleagues are doing, usually
unobserved and undersupported. Far too often, teach-
ers’ frames of reference are how they were taught, not
how their colleagues are teaching. Common problems
too often are solved individually rather than by seeking
cooperative and collaborative solutions to shared con-
cerns.

The magnitude of the changes that teachers of
mathematics are being asked to make requires far greater
opportunities for substantive professional interaction.
This interaction can and must take many forms. For ex-
ample, peer observations, team teaching, formal and in-
formal opportunities for sharing, videotaping of instruc-
tion, issue-focused faculty discussions, cross-district
grade-level meetings, action research teams, course com-
mittees and common planning time are all powerful ve-
hicles for reducing professional isolation and enhancing
professional interaction. Each of these strategies has a
role so that school faculties and mathematics departments
can become dynamic communities of learners rather than
just assortments of teachers and students working in the
same building or district. Each of these strategies pro-
motes the sharing of ideas, experiences and knowledge
that is the hallmark of professional collaboration.

The professional interaction described in this
standard envisions teachers as collaborative leaders, not
as passive followers. It envisions teachers forming study
groups, conducting informal research in their classes, and
engaging in the inquiry that embodies lifelong learning.m

Professional Development

A high-quality mathematics program is supported by a
comprehensive program of professional development that
focuses on issues of curriculum, pedagogy and assess-
ment; recognizes the importance of ongoing professional
growth; and provides opportunities to participate in con-
ferences, seminars and institutes.
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In light of the magnitude of the change that teach-
ers of mathematics are being asked to make, it must be
broadly and clearly understood that it is unreasonable to
expect teachers to implement these changes in curricu-
lum, instruction and assessment when they are unaware
of available programs, resources and materials, and when
there is so little time for reflection on these changes. With-
out planned, sustained and ongoing professional devel-
opment, including opportunities to attend conferences
and seminars, access to professional journals, encourage-
ment to visit with colleagues and time for reflection,
teachers too often remain unaware of the paths to change
and improvement. In fact, many observers of Japanese
schools cite the time allocated to these forms of profes-
sional development and professional interaction as one
of the starkest differences between the two systems.

For these reasons, an ongoing system of profes-
sional development for teachers of mathematics that is
responsive to identified instructional needs, adequately
funded and supported with sufficient time should be in
place within every school and district. In addition to these
professional interaction strategies, professional develop-
ment opportunities scheduled for after school, weekends
and summer must be supplemented with school-day re-
leased time opportunities.m

Professional Supervision And Evaluation

A high-quality mathematics program includes a system
of professional supervision and evaluation that sets high
standards of professional performance and is supported
by programs and policies to assure that these standards
are met.

Just as the methods and techniques of student
assessment must change to account for measuring newer
and broader outcomes, so too must methods and tech-
niques of teacher evaluation change to account for dif-
ferent definitions of productivity and effectiveness.

The common practice of casual and infrequent
classroom observation, often carried out in a perfunctory
manner, is insufficient to promote improvement in prac-
tice and, therefore, student achievement. Professional
evaluation that supports a high-quality mathematics pro-
gram needs to be broadened in scope and deepened in
rigor. Administrators and supervisors must be better
trained and more knowledgeable about effective math-
ematics curriculum and instruction. In addition, profes-
sional evaluation must go beyond periodic observations
and include such activities as the development and peer
review of professional performance portfolios, analysis
of student work and student achievement, and the uses
of assessment center activities like those used by the
National Board for Professional Teaching Standards (see
chapter references).

It is critical that classroom teachers receive con-
structive support — as they are supervised and as they
are evaluated - so that excellence in teaching becomes a
realistic and attainable goal for all.m

Monitoring Programs

A high-quality mathematics program has a set of coor-
dinated procedures that provide ongoing monitoring and
periodic evaluation to assure that student achievement
goals are being met.

Every program in every school system should
be subjected periodically to careful scrutiny. Those within
the system, and increasingly those outside the system,
have a right to definitive answers to questions such as:

¢ Is the program working for all students?

¢ Is the curriculum meeting the needs of stu-
dents and the broader society?

¢ Isinstruction provided in ways that maximize
student achievement?

¢ Are students achieving in sufficient numbers
and at high enough levels and, if not, why?

* Are all necessary program components in
place and aligned to achieve program goals?

To ensure a high-quality mathematics program,
it is necessary to conduct periodic and comprehensive
reviews of the entire program to answer these and other
questions, publicly report findings and implement
changes on the basis of the review. One source for moni-
toring programs is the Connecticut K-12 Mathematics Evalu-
ation Guide (Connecticut Academy for Education, 1997).a

Grouping And Tracking

A high-quality mathematics program minimizes the sort-
ing and tracking of students, while fully meeting the di-
verse and individual needs of all students.

No single component of the educational system
more powerfully communicates the expectations — both
high and low — we hold for young people than the ways
in which schools sort and track students. A major step in
moving toward the vision of “mathematics for all” isa
dramatic decrease in the ability-grouping, leveling and
tracking of students. This does not mean abandoning all
ability groups; it does not mean the elimination of all
honors courses; and it does not mean all students grouped
heterogeneously all of the time. It does mean, however,
achange in policy at the school and district levels regard-
ing ability-grouping and tracking so that no student is
denied access to a rich and demanding mathematics pro-
gram best suited to his or her individual needs and inter-
ests. In addition, such a policy recognizes that flexible
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grouping and collaborative teaching can be appropriate
strategies for best meeting individual needs and help-
ing to support inclusion practices.

Stated differently, it must be recognized that the
current gap in breadth, depth and rigor between what is
provided for the top 20 percent and for the bottom 20
percent must be narrowed significantly by raising ex-
pectations for the bottom 20 percent. However, it must
also be recognized that it is not reasonable that expecta-
tions for the top 10 percent be identical to those for the
bottom 10 percent. This critical issue of grouping, track-
ing and inclusion policies is revisited in greater depth in
Chapter 5.m

Remedial Assistance And Student Support

A high-quality mathematics program provides supple-
mental instructional services to assure that all students
have an opportunity to meet the goals and expectations
of the program.

While individual and diverse backgrounds, in-
terests, learning styles or preferences, and abilities are
widely recognized, schools often overlook and even ig-
nore these differences by keeping learning time a con-
stant. There are one-year courses, 45-minute classes, 15-
minute quizzes and two-minute fact drills that apply to
all students. Common sense dictates that while some
students need less time, others need more time to be able
reasonably to meet the goals for any lesson, unit, year or
program. One way that time becomes a variable used to
better meet individual student needs is through the pro-
vision of extra, remedial or compensatory instruction for
those students for whom traditional time allocations are
insufficient.

In addition to time adjustments, effective reme-
dial and supplemental programs also must address ad-
justments in instructional methods and formats. For ex-
ample, among the alternative ways that students can be
better supported are with:

¢ teachers who possess a wide repertoire of
strategies and assorted instructional materi-
als, including hands-on materials and high-
quality software, and who supplement daily
instruction for needy students;

¢ math centers that are well stocked with ma-
terials, supplemental resources and comput-
ers, and that are staffed with trained and
knowledgeable personnel;

¢ after-hours programs such as after-school
clinics, Saturday academies and summer en-
richment programs; and

¢ support personnel available to work with stu-
dents within classrooms rather than in pull-
out situations and who work closely with
regular classroom teachers.m

Articulation And Alignment

Ahigh-quality mathematics program evolves coherently,
grade-by-grade and course-by-course, from kindergarten
to Grade 12 and displays an alignment of curriculum,
instructional materials, professional development and
assessment that are all implemented to attain the
overarching goals of the program.

Two often-noted characteristics of what has been
referred to as the “underachieving mathematics curricu-
lum” are the mixed and often conflicting messages given
to teachers about what should be taught, how it should
be taught, and how it will be assessed on the one hand,
and the lack of a smooth flow of mathematical content as
students progress from kindergarten to Grade 12 on the
other hand.

To eliminate these unwanted features, curricu-
lum guides like those described in Chapter 4 must re-
place textbooks and tests as the primary driver of the
program. In addition to delineating content expectations,
these curriculum guides need to provide both instruc-
tional suggestions and assessment possibilities to ensure
tighter alignment. Similarly, curriculum guides must be
designed to ensure a developmentally appropriate se-
quence of outcomes, recognizing the need for exploratory
exposure to mathematical ideas, opportunities to master
these ideas, and time to review and reinforce these ideas.
In addition, middle and high school course offerings must
likewise be an articulated sequence that maximizes stu-
dent readiness for each succeeding course. A common
vehicle for increasing the articulation and coordination
of the curriculum is through grade-level meetings of two
consecutive grades and meetings of course committees
where teachers share problems and concerns and make
necessary adjustments.m

Resource Personnel And Leadership

A high-quality mathematics program assigns the respon-
sibility for the ongoing implementation and improvement
of the program to qualified coordinators, supervisors,
resource personnel andlor department chairpersons in
order to provide support, coordination, supervision and
leadership.
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Each of the above components make it increas-
ingly clear that a high-quality K-12 mathematics program
entails a complex web of ongoing activity, change and
support. Such a program cannot be put in place and be
expected to run by itself. In fact, like every other aspect
of a school system, the effectiveness and vitality of a
district’s K-12 mathematics program depends critically
on the assignment of responsibility for program over-
sight and coordination to one or more individuals. All
too often when program leadership and responsibility
for ongoing implementation and improvement are not
vested in one or more individuals, the focus on program
quality and improvement tends to fall through the cracks
and fragment under the weight of other priorities.

Because high-quality programs require that a
vision of reform be created and nurtured, that teachers
be kept abreast of changes and aware of professional de-
velopment opportunities, and that curricular, instruc-
tional and assessment improvement are ongoing pro-
cesses, it is imperative that leadership of and responsi-
bility for the mathematics program be assigned and
maintained at all levels.m

Administrative Understanding And Support

A high-quality mathematics program receives strong sup-
port from principals and central office administrators
to ensure that these standards are met.

Program delivery standards do not get imple-
mented automatically or because they are listed and de-
scribed in a curriculum guide. Rather, their implemen-
tation requires the understanding and tangible support
of principals, curriculum coordinators, assistant super-
intendents and superintendents. While implementation
of a curriculum and effective delivery of instruction oc-
curs in thousands of Connecticut classrooms, the critical
support for teachers and understanding of the program
described in this chapter emanate from the beliefs and
actions of hundreds of Connecticut school and district
administrators.

These administrators are key for setting a tone
for continuous review and improvement, for maintain-
ing continually higher expectations, and for providing
teachers with the financial, material and professional
development support they need to meet the school or
district’s objectives. Effective administrators strengthen
a mathematics program by encouraging experimentation,
by facilitating the review and use of school and district
assessment data, and by keeping concern for student
achievement in mathematics on the front burner at all
times. Effective administrators also “grant permission”
for teachers to take risks and shift both curriculum and
instruction. In addition, administrators play a key role
in encouraging and supporting teachers who are strug-
gling to change old habits and adopt new practices.m
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